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Studies on blood coagulation factor V
l l l Kinetics of the estimation of factor V
M . J . P .  K A H N  *  a n d  H . C .  H E M K E R
Laboratory for  coagulat ion Biochemistry and Cardiovascular  Biochemica Fesearch.  Cl in ic for  Internal  Medic ine.  Univers i ty
Hoso i t a l .  LE IDEN
I t  has been shown by Hemker and al.  (1968) that a
I inear relat ionship exists between the thromboplastin t ime
and the inverse of the concentrat ion of any of the coagu-
lat ion factors determining the reaction velocity in the
extr insic system, i .e. the factors l l ,  V, Vl l  and X. In this
art icle we wil l  give further experimental results concer-
ning the relat ion between the concentrat ion of factor V
and the coagulat ion t ime in the extr insic system, obtai-
ned by using dif f  erent factor V def icient plasmas as a
reagent and dif ferent plasmas containing factor V as a
substrate.
MATERIALS AND METHODS
All determinations of coagulat ion t imes were carr ied
out in the fol lowing reaction mixture :
0.1 ml factor V deficient plasma (reagent) ;
0.1 ml human brain thromboplastin (Owren and Aas,
1 9 5 1 1 ;
0.1 ml preparation containing factor V (substrate) ;
0 .1  ml  CaCl ,  25  mM.
The t ime between recalcif icat ion and the f irst appea-
rance of a f ibr in clot was measured at 37 "C with the aid
o f  a  Ko l le  hook .
Factor V-deficient plasma was prepared according to
Quick  (1943J  or  accord ing  to  Borchgrev ink  (1960) ,  o r  by
Ba-Steara te  adsorp t ion  (Kahn and Hemker ,  1970) .
Normal pool plasma was mixed citrated plasma from
30 healthy donors. Coumarin plasma was human citrated
plasma from patients under long-term anticoagulant
treatment.
* Present address : Laboratory for Pharmacodynamics and Therapeutics.
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The residual amount of factor V in a reagent was esti-
mated as  descr ibed by  Hemker  and a l .  (1965) .  The theo-
ret ical background and proof of this method are to be
found in ref.  5 and 6. The practical procedure is as fol '
Iows. By di lut ion of a normal pool plasma a series of
known concentrat ions of factor V is prepared. The clot-
t ing t ime (t.)  belonging to each of these concentrat ions
{C) is est imated. Then the clott ing t ime (tr) is est i-
mated, which is obtained when buffer is added as a sub-
strate in the test, instead of a sample containing factor V.
This clott ing t ime obviously is determined by the factor V
activi ty of the reagent (L).
Then for eacht t" the value of (t ,  -  t")/C was calcu-
Iated using the f ixed value of tr  and the values of t" and C
Fig. 1. - Correction plot of. a batch of Ba-Stearate adsorbed
plasma.
For explanat ion see text .  From the s lope of  th is l ine the
concentrat ion of  factor  V in the reagent could be calculated
to  be  1 .28  %.
u
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(  t l - t c )  / c  ( sec , / ( o i o )  )
0Fig. 2, - Correction plot of a batch of old oxalated plasma.
For explanation see text. From the slope of this lite the concen-
tration of factor V in the reagent could be calculated to be
0.86 o/0.
( t t - t c ) / c  ( sec , / t o l o l )
0
Fig. 3. - Correction plot for a factor V reagent prepared
according to Borchgrevink.
For explanation see text.
Fig. 4. - The plot of clotting time versus the inverse of concen-
tration of factor V obtained with old oxalated plasma. The
points are the. means of tenfold estimations carried out with :
o normal pool plasma ;
o normal oxalated plasma ;
tr BaSO* adsorbed oxalated Plasma;
o coumarin plasma.
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Fig. 5, - The plot of clotting time versus the inverse of concen-
tration of factor V obtained with Ba-Stearate adsorbed plasma.
The.points aie the means of tenfold estimations carried out
with :
r normal pool plasma ;
o normal oxalated plasma ;
tr BaSOe adsorbed oxalated plasma;
o coumarin plasma.
Table I
PBOPERTIES OF DIFFERENT FACTOF V REAGENTS
Reagent
Old oxalate
Borchgrevink
Ba-Stearate adsorbed . . . . .  .
'  Estimated by the graphical method as indicated under materials and methods.
** Concentration of factor V at which half-maximal reaction velociw was observed. Since the factor V
ictivity oi Borchgrevink's reagent could not be estimated for this raagent, the value can only be a rough
approxi matl on.
l/ tV7(o/o)
Concentration of coagulation factor
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belonging together; t" is then plotted against {tr  -  t")/C.
This is called the << correction plot '. The slope of the
result ing l ine has the dimension of a concentrat ion and
can be shown to indicate the magnitude of L, i .e. the
concentration of the factor V activity present under condi.
t ions under which t,  was obtained, i .e. the factor V acti-
vity in the reagent.
EXPERIMENTAL RESULTS
Three different reagents were compared :
a) a batch of old oxalated plasma ; b) plasma incu-
bated with R.V.V. according to Borchgrevink ; c) Ba-
Stearate adsorbed plasma.
The coagr-rlation times obtained with these reagents and
normal pool plasma in various di lut ions were estimated.
To estimated. To estimate the residual amount of fac-
tor V ait ivi ty in the reagent, a correction plot was cons-
tructed for each reagent (f ig. 1, 3). This plot was a
straight l ine for the old oxalate plasma and the Ba-
Stearate adsorbed plasma, but not for Borchgrevink's
reagent, which implies that the factor V activi ty of
Borchgrevink's reagent could not be estimated.
Once the concentrat ion of factor V in the reagent being
known, i t  is possible to calculate the true concentrat ion
of factor V in a test when a known amount of factor V
is added to the reaction mixture in the form of a di lu-
t ion of normal pool plasma. This true concentrat ion of
factor V equals the sum of the amount of factor V added
with the sample and the amount present in the reagent.
When the coagulat ion t ime obtained with either old
oxalate plasma or Ba-Stearate adsorbed plasma was plot-
ted against the inverse of the true concentrat ion of fac-
tor V, a straight l ine restr l ted (f ig. 4 and 5).
K*, the concentration of factor V at which half-maximal
reaction velocity is found, was calculated f rom these
graphs. The propert ies of the dif ferent reagents are
summarized in Table I.
DISGUSSION
The calculat ion of the residual amount of factor V in a
factor V reagent is based upon the kinetic evaluation of
the normal coagulat ion mechanism (Hemker and Muller,
1968). The fact that the method does not work in the
case of Borchgrevinks reagent indicated that the Russell 's
viper venom added in this reagent disturbs the normal
coagulat ion mechanism in such a way that i ts kinetic pro-
pert ies are basical ly altered. This is to be expected
because R.V.V. inf luences at least two dif ferent coagu-
lat ion factors, viz. factors V and X. Factor X is act ivated
by  R.V.V.  (Macfar lane,  1964;  Wi l l iams and Esnouf ,  1962)
and factor V is f i rst act ivated fBergsagel, 1965) and then
destroyed (Borchgrevink, 1960). I t  is the latter property
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of B.V.V. that is employed in preparing Borchgrevink's
reagent. When normal plasma is added al l  three actions
of B.V.V. wi l l  again start to play a role, result ing in a
complicated overal l  pattern. Borchgrevink's reagent is
therefore unsuitable for the evaluation of the kinetics of
factor V action.
Both old oxalate plasma and Ba-Stearate adsorbed plas-
ma are suitable for this purpose. Obtaining a good rea'
gent from oxalated plasma by incubating under oxygen at
37'C was in our hands a hazardous procedure, but when
the procedure is performed successful ly, an excel lent
reagent can result. Ba-Stearate adsorption is a repro-
ducible procedure method that gives a good reagent. With
both these reagents a Lineweaver Burk plot can be cons-
tructed; and the concentrat ion of factor V at which half-
maximal reaction velocity was found [K-) was about 3 0/o.
The dif ference in K- found with the dif ferent reagents is
probably not signif icant.
Contrary to the K- found in simpler enzymatic reactions
(Dixon and Webb, 1958), not too much signif icance should
be given to the value of K- found as an inherent property
of the enzyme system under study. The physical meaning
of this K- is that i t  indicates the equil ibr ium constant of
the reaction in which prothrombinase is formed, i .e.
V + Xu + Ph. l ip. * Ca++ = Prothrombihase
(c . f .  Hemker  and a l . ,  1967) .
But in the case under study the system was tested at a
f ixed concentrat ion of factor X and Ca++ and phospholipid'
The apparent K* result ing wil l  thus include these varia-
bles. Moreover, only one kind of phospholipid was tested^
More series of experiments wil l  have to be done to eva'
luate the constants of the reaction in more detai l .
Yet the observation that half-maximal reaction velocity
is found at concentrations of factor V or around 3 o/o in
the sample ( i .e. at 0,75 % f inal concentrat ion) has a cer-
tain practical value, because i t  indicates that physiolo-
gical concentrat ions of factor V ( i .e. 100 o/o) consti tute an
enormous excess. I t  therefore shows why in a factor V
estimation the sample has to be di luted to the range of
10 to 1 % to give useful results.
The fact that no signif icant dif ference was found in the
relation between t" and C when the factor V came from
different sources (f ig. 4 and 5) indicates that the active
principle ( i .e. factor V) in these sources is probably the
same substance and that no modif iers of the reaction are
acting under these dif ferent experimental circumstances.
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SUMMARY
The kinetic propert ies of three dif ferent factor V rea-
gents are described. In two of these [old oxalate plasma
and Ba-Stearate adsorbed plasma) the normal reaction
mechanism of blood coagulat ion can be assumed to be
operative. In Borchgrevink's reagent, which contains
Russell 's viper venom, this reaction mechanism is dis-
turbed. Half-maximal reaction velocity in the normal
reaction mechanism, with an excess of factor X present
at a f inal concentrat ion of 6.25 mM Ca++ with human brain
thromboplastin is found at a 3 o/o concentrat ion of factor V
in the sample, i .e. at a f inal concentrat ion of 0,75 o/o fac-
tor V in the reaction mixture.
RESUME
Les propri6t6s cin6tiques de 3 diff6rents r6actifs du
Facteur V sont d6crites. On peut admettre qu'avec deux
d'entre eux (plasma oxalat6 vieil l i  et plasma adsorb6 sur
a . \
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st6arate de baryum) le m6canisme de r6action normale
de la coagulat ion sanguine est act i f .  Avec Ie r6acti f  de
Borchgrevink qui contient du venin de vipdre de Bussel,
ce m6canisme r6actionnel est perturb6. La demi-vitesse
de r6action maximale normale, en pr6sence d'un excds
de Facteur X d une concentrat ion f inale de Ca++ 6.25 nM
avec de la thromboplastine de cerveau humain, est obte-
nue a une concentrat ion de 3 % de Facteur V dans
l '6chanti l lon, c'est-a-dire d une concentrat ion f inale de
0,75 o/o de Facteur V dans le m6lange r6actionnel.
ZUSAMMENFASSUNG
Die kinetischen Eigenschaften von 3 verschiedenen
Faktor V-Reagenzien werden beschrieben. Bei 2 von
diesen (gealtertes Oxalat-Plasma und Ba-Stearat - absor-
biertes Plasma) kann der normale Blutgerinnungsmecha-
n ismus a ls  w i rksam angenommen werden.  Be i  dem
Reagenz nach BOBCHGREVINK, das BUSSEL- Schlangengift
enthl i l t ,  ist dieser Wirkungsmechanismus gestdrt.  Die
maximale Halbwert-Beaktionsgeschwindigkeit bei der nor-
malen Wirkungsweise mit einem Uberschuss an Faktor X
mit Endkonzentrat ion von 6,25 nM Ca++ bei menschlichem
Hirn-Thromboplastin ergibt sich bei einer 3 o/o igen Kon'
zentrat ion des Faktor V im Prt iparat, d.h. bei einer End-
konzentrat ion von 0,75 o/o Faktor V im Reaktionsgemisch.
RE$UMEN
Se describen las propiedades cin6ticas de tres reactivos
diferentes del Factor V. Se puede admit ir  que con dos de
ellos (plasma oxalatado envejecido y plasma adsorbido
sobre estearato de bario), el mecanismo de reacci6n nor-
mal de la coagulaci6n sangufnea es activo. Con el reactivo
de Borchgrevink, que contiene veneno de vivora de
Russell ,  este mecanismo reaccional se hal la perturbado.
La media velocidad de reacci6n mdxima normal en pre-
sencia de un exceso de Factor X, con concentraci6n f inal
de Ca++ 6.25 nM y con tromboplastina de cerebro humano,
se obtiene a una concentraci6n de 3 o/o de Factor V en Ia
muestra. es decir.  a una concentraci6n f inal de 0.75 o/o
de Factor V en la mezcla reaccional.
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